PCX 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 




(11) International Publication Number: 


WO 96A3178 


A23L 1/275, A61K 9A0 


Al 


(43) International PubUcation Date: 


9 May 1996 (09.05.96) 



(21) International Application Number : PCT/US95/ 1 4475 

(22) Intemattonal FUing Date: 31 October 1995 (31.10,95) 



(30) Priority Data: 
111477 



31 October 1994 (31.10.94) 



IL 



(71) Applicants (for all designated States except US)z MAKHT- 

ESHIM CHEMICAL WORKS. LTD. [lUIL]; Industrial 
Zone, 84102 Bccr Shcva (IL). MAKHTESHIM AGAN OF 
NORTH AMERICA. LTD. [US/US]; 551 Fifth Avenue. 
New York, NY 10176 (US). 

(72) Inventors; and ^ 
V75) Inventors/AppUcants (for US only): HARTAL. Dov [lUILJ; 6 

Ugarit Street, 69016 Tel Aviv (IL). RAVEH. Yigal [lUIL); 
24 Haim Laskov Street, 34950 Haifa (IL). WOLF. Abraham 
{IIVILl; 66 Borochov Street, 28000 Kiryat Ata (IL). 

(74) Agents: MELLER. Michael. N. et al.; Meller and Associates. 
P.O. Box 2198, Grand Central Station. New York. NY 
10163 (US). 



(81) Designated States: AM. AT. AU. BE. EG. ER, BY. CA. CH 
Qhi CZ. DE. DK. EE. ES. H. GB. GE, HU, IS. JP, KE. 
KG KP, KR. KZ. LK. LR. LS. LT. LU. LV. MD. MG. 
MK. MN. MW. MX, NO. NZ. PL. PT. RO. RU. SD. SE. 
SG SI SK. TJ. TM, TT, UA. UG. US. UZ. VN, European 
patent (AT, BE. CH. DE. DK. ES. FR. GB. GR. IE. IT. LU. 
MC NL. PT, SE). OAPI patent (BF, BJ. CF. CG, CI. CM. 
GA. GN. ML. MR. NE. SN. TD. TG), ARIPO patent (KE. 
LS, MW. SD. SZ. UG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Titie: STABLE LYCOPENE CONCENTOATES AND PROCESS FOR THEIR PREPARATION 
(57) Abstract 

A process for the preparation of a stable lycopene concentrate, comprising size-reducing lycopene crystals in a liquid medium which 
essentially does not dissolve lycopene. 



s J 



BNSDOC1D: <WO 96131 78A1_L> 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Austnlia 


GE 


Georgia 


MW 


Malawi 


BB 


Baxbsdos 


GN 


Guinea 


NE 


Niger 


BE 


Belghim 


GR 


Greece 


NL 


Netherlands 


BF 


Binkina Faso 


HU 


Hungaiy 


NO 


Norway 


EG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


FT 


Portugal 


BY 


Bclanu 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyigystan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Demociatic Pbopk*s Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


SwitzerlaDd 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


Cdie d'lvotre 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


U 


Liechtenstein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


cs 


Czechoslovak ta 


LU 


Luxembourg 


TG 


Togo 


cz 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Gennany 


MC 


Monaco 


XT 


Trinidad and Tobago 


DK 


Denmaik 


MD 


Republic of Mokkuva 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


n 


Finland 


ML 


Mali 


uz 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











BNSDOCiD: <WO 9ei317aA1J_> 



PCT/US95/14475 

WO 96/13178 



: ) 



STARI E LVrnPRNE CO NnENTRATES AND PROCESS FOR 

THKTR PREPARATION 

Field of the Invention 

The present invention relates to the food, pharmaceutical and cosmetic 
industries. More particularly, the invention relates to stable lycopene 
concentrates which are suitable for use in food coloring, nutraceuticals, 
pharmaceutical and cosmetic formulations. The invention further relates 
to proce.sse9 for the preparation of the formidations. 

BACKGROTTND OF THF . INVENTION 

Lycopene has been recently recognized as an industrially important 
natm-al food coloring agent, because of its high staining power in the red 
region, and because of its safety and potentially beneficial effect. 
Lycopene occurs naturally and abunds in a number of fruits, primarily in 
tomatoe.s and watermelon, from which it can be extracted by different 
extraction processes. Lycopene can also be synthesized by a variety of 
.synthetic routes, both chemicaUy and biosynthetically. V^Tiile reference 
will be made hereinafter to tomatoes as the source of lycopene. for the 
sake of brevity, it is understood that the same applies, mutatis mutandis, 
to watermelon or to any other lycopene source, including synthetic 
lycopene. 

The art recognizes the use of vegetable extracts as colorants and additives 
to the food industry. Spice and herbs oleoresins, for instance, are 
commonly employed in the food industry. For instance, U.S. Patent No. 
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4.285.981 refers to the use of oleoresins as food colorants or flavoring, 
U.S. Patent No. 5,019,405 teaches the use of natural colorants for the 
dvtiiny: of frtiit. 

A number of processes have been proposed and are currently used for the 
extraction of oleoresins, such as paprika oleoresin, e.g., by using hexane 
as the extraction solvent. According to a process described in copending 
Israeli Patent Application No. 107999, filed December 23, 1993 by the 
same applicants herein, the pulp obtained after the separation of waste 
materials and of tomato serum is fed to an extraction stage, where it is 
extracted to provide tomato oleoresin. Such oleoresin contains about 2 - 
10% of lycopene, depending on the original concentration of lycopene in 
the tomato. Tomato oleoresin containing about 40% - 100% l3xopene is 
obtained in the form of a free-flowing powder. 

The use of lycopene presents some technological and practical problems. 
First of all, pure crystalline lycopene is unstable on storage at room 
temperatme. due to oxidation, and lycopene may undergo degradation 
with time, unless appropriate measures are taken, e.g. antioxidants are 
added. While food-compatible antioxidants are known and used in 
industry, e.g., BHT, BHA or propyl gallate, they are not a desirable 
addition, and they are dispensed with whenever possible. In addition, 
lycopene-containing formulations should be protected against microbial 
spoilage. Lycopene which naturally occiurs in oleoresins apparently enjoys 
the protection of the oil and of natm*al antioxidants (tocopherols), 
originating from the tomato, but when it is dispersed in an environment. 
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such as water, which can support microbial growth, the formulation wiU 
spoil unless it is protected by suitable means, such as by heat sterilization 
or the addition of preservatives. Illustrative examples of such 
preservatives are benzoic acid and sorbic acid. 

Althoush lycopene exists in different forme, having different colors and 
intensities, the term "lycopene" is used in all cases to indicate the 
chemical entity. It should be noted however, that crystalline lycopene has 
an intense red color, and differs from dissolved or dispersed or solubilized 
lycopene. which has a yeUow-orange color. Furthermore, lycopene 
n^ituraUy occurring in fruit is found in chromoplasts in crystalline form, 
and therefore is capable of retainmg its red color, as in the tomato. 
Therefore, throughout this specification it is important to note to what 
form of lycopene reference is being made at the various stages of the 
process described herein. 

AS stated, the intense red color of lycopene is due to its crj-stalline form, 
and is inQuenced by its particle size distribution. Lycopene loses its 
staimng power in the red range when the crystals dissolve, which occurs 
readily m a variety of organic solvents, e.g.. oils, including oil found in the 
tom«to seeds and extracted during the processmg of the tomato in the 
course of lycopene oleoresin production. When lycopene oleoresin is 
solubihzod m aqueous solutions, it assumes a yellowish to orange color, 
depending on concentration, and cannot be used to impart red color to 
food products. 
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Additionally, lycopene crystals recovered from oleoresin extraction, as 
described above, vary greatly in size, and contains relatively large 
crystals, of the order of tens of microns. Given that optimal staining 
power in the red color range is obtained in the 1 to 3 jim particle 
diameter range, in terms of Ught refracted from the crs^stals much 
staining power is lost if the oleoresin is used as such, as is customarily 
done in the art. Furthermore, one cannot effectively use the oleoresin as 
such, to obtain red color, since part of the lycopene is dissolved in the 
tomato lipids and the resulting hue will be orange. 

It 1.? therefore clear that it would be highly desirable to provide a lycopene 
concentrate that overcomes the aforesaid drawbacks while maintaining a 
high staining power. 



It has now been filed, and this is an object of the invention, that it is 
possible to provide stable lycopene compositions which have a high 
staining power in the red range, and which can be stored at room 
temperature for a long period of time. 

It is an object of the invention to provide such lycopene compositions, 
which arc food compatible. 

It is another object of the invention to provide l}'Copene concentrates 
which can be used with cosmetic preparations. 
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It is yel another object of the invention to provide lycopene concentrates 
which can be used with pharmacGUtical preparations. 

It is a further object of the invention to provide lycopene concentrates 
which can be used in nutraceuticals. 

It is stiU another object of the invention to provide lycopene concentrates 
which do not contain added antioxidants, and yet are stable towards 
oxidation. 

It is a further object of the invention to provide a lycopene concentrate 
which is protected against microbial spoilage or enzymatic attack, 
without the need to use preservatives. 

It is another object of the invention to provide a process for the 
preparation of stable lycopene concentrates, from lycopene crystals. 

It is a further object of the invention to provide a process for obtaining 
oleoresin fractions enriched with lycopene crystals from oleoresins (e.g.. 
tomato or watermelon), which cr>'stals can be directly used for the 
preparation of the stable coloring compositions. 

It is yet another object of the invention to provide stable compositions 
containing lycopene together with one or more additional carotenoids. 
such as (J-carotene. 
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Slill another object of the invention ie to provide such stable compositions 
based on synthetic lycopene. 

Other objects of the invention will become apparent as the description 
proceeds. 

PCTAJLBP DBOOnirTION OF Tim IN\T3^IOK 

The process for the preparation of stable lycopene concentrates, according 
to the invention, comprises size-reducing lycopene crystals in a food- 
compatible Uquid medium which essentially does not dissolve lycopene. 
Suitable size-reducing techniques, such as wet grinding, which is a 
convenient technique for the ptxrposes of the invention, will be recognized 
by the skilled person, and are therefore not discussed herein in detai, for 
the sake of brevity. While suitable food-compatible liquids will be easily 
recognized by the skilled person, illustrative and non-limitative examples 
there jf include glycerol, propylene glycol and ethanol, which are 
recognized food-grade liquids, or their mixtures. The lycopene concentrate 
so obtained is dually stable: it is protected both against oxidation and 
a{2:ainst microbial spoilage, because the food*compatible liquid can be 
chosen to have an activity against microorganisms, including 
antimicrobial activity as well as activity against yeast, fungi, etc.. as for 
example glycerol^ propylene glycol and ethanoL However, it should be 
understood that even if a less antimicrobially-effective liquid is used - or 
even a Hquid which permits noicrobial growth, such as water - which 
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requires the addition of antimicrobial agents, this stiU retains many of 
the advantages of the invention, and does not exceed its scope. 

Glycerol is the most preferred liquid for the purposes of the invention, for 
practicHl reasons. Glycerol is GRAS (Generally Recognized as Safe), 
according to the US FDA. and is an aU-purpose food additive. 
Fmthermore glycerol is available both from natural and synthetic 
sources, and therefore can be used for purposes requii-ing natural 
ingredients only, such as health foods (nutraceuticals). A further 
sub.stantial advantage of glycerol is that it is bacteriostatic, and therefore 
lycopenc compositions provided in a hquid which is essentially glycerol do 
not vH<i«ire the addition of preservatives. While the invention can be 
exploited also with liquids which require the addition of food 
preservatives, and is not intended to be limited in any way to 
formulations which are free from such preservatives, it is apparent that 
the Mbdity to avoid the addition of food preservatives is advantageous, 
and therefore Uquids such as polyols, e.g. glycerol or propylene glycol are 
the most preferred. Also suitable are primary and secondary' alcohols, 
such a.s ethanol or propanol. and their mfactures with polyols. 
Nevertheless, for many practical industrial appUcations it may be 
convenient to carr>- out the process, including the size-reducing of 
Ivcupei^e. crystals, in a solution which is essentially aqueous, depending on 
th. specific use and the required storage thne. this may or may not 
require preservation techmques such as the addition of antimicrobial 
agents. All such formulations are encompassed by the present invencion. 
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It has further been sxxrprisingly found that the compositions of the 
invention, based on glycerol, are protected from oxidation. Without 
wishing to be bound by any particular theory, the inventors beheve that 
tliis may be due to an inhibition of oxygen contact with the crj^stals. In 
any case, and regardless of the reasons for this result, the high stability 
towards oxidation is an important advantage of the mvention. 

Another substantial advantage of glycerol is that it is water miscible. The 
use of a water soluble or water miscible liquid to disperse the lycopene 
crystals is advantageous, since it allows a homogeneous distribution of 
the lycopene in the food to which it is added. Most food products of red 
color^s to which lycopene is added as a colorant are water based since, as 
said. oiJy products dissolve the lycopene which as a result loses its 
staining power in the red region. Glycerol as well as other preferred 
liquids, such as those mentioned herein, in contrast, dissolves well in 
water and the released lycopene particles disperse uniformly in the water- 
based product, resxilting in a red color- 
In this specification, the terms "formulation", "concentrate" and 
"composition" are used interchangeably, and should be interpreted in the 
context of the description given. 

In order to obtain a high staining power it is preferred that the lycopene 
crs-stals be ground to an average particle size of below about 5 \im. 
Typically an average particle si^e of about I - 3 M-m is convenient for most 
uses. The shape of the crystals is also of importance, as described in 
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"LiterfacM Phenomena in Apolar Media, Dispersions of Dye in Apolar 
Media", H. F. Eicke and G. D. Parfitt (fids.). Vol. 21 in Surfactant Science 
Series, marcel Dekker. NY. 1986. Therefore it is desirable to pay attention 
to the size-reducing equipment employed, to ensure optimal results. 

Furthermore, prevention of agglomeration and clamping is also of 
importance. For this purpose, it may be desirable to add suitable 
diftpersants. such as lecitm. Other suitable dispersants will be easily 
recognized by the skilled person. 

In one aspect, therefore, the invention is directed to stable lycopene 
formulations comprising lycopene crystals suspended in a liquid which 
««s«ntiallv does not dissolve lycopene. Depending on the uee for which the 
concentrate is intended, the hquid in which the lycopene crystals are 
suspended may be a food-compatible or a cosmetically.acceptable or a 
p harmaceutically-acceptable hquid. 

As will be appreciated by the skilled person, when the concentrated stable 
compositions described above are dissolved in an aqueous medium, in 
ord«r to prepare food products, appropriate additives must often be added, 
such as weighing agents, dispersants. or other materials, e.g., to avoid 
sedimentation of the lycopene crj^stals which would result in a loss of 
color to the product. Of com-se. the specific agents used differ verj^ much 
from one product to another and should be taylor-made in each case, and 
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fiirthermore such agents are well known to the skilled person and, 
therefore, are not discussed herein. 

In another aspect the invention is directed to a process for the preparation 
of a crystalline lycopene composition, which process comprises treating a 
lycopene-containing oleoresin with a solvent or solvent mixture which 
dissolves the lipid phase uf the oleoresin and which does not substantially 
dissolve l5-copene, to remove therefrom a major part of the oleoresin 
lipids. A minor part of the lipids, however, can remain in the fmal 
material and could even be sometime beneficial, e.g., to the stability of the 
lycopeno crystals. Of course, the addition of lipids, either as a make-up or 
to crystals which do not contain them* is also contamplated as a part of 
the invention, whenever desired or beneficial. 

As stated, the oleoresin which is used as the raw material can be of any 
sxiitable source, e.g. the oleoresin can be a tomato or watermelon 
oleoresin. 

Among the solvent mixtures suitable for use with the invention one 
mixture provides outstanding results. The said solvent mixture is an 
acetone/ethyl acetate mixture. Other suitable mixtiu-es will be recognized 
by the skilled person and include, e.g., hexane / acetone and ethyl acetate 
/ ethanol. Generally, the solvents miist be adapted to the intended use of 
the final product and therefore must be food grade, or pharmaceutical 
grade or cosmetic grade, depending on the requirements from the final 
product. 
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While there is no particular temperature which should be employed in the 
process of the irxventiorx, it is clear to the skiUed person that too high 
temperatures will cause a deterioration of the lycopene (e.g.. 
L«omcnzation or degradation) and. therefore., are not desirable. On the 
other hand, too low temperatures will requiie long contact times of the 
oleoresxn with the solvent mixture. Accordingly, it is normally preferred 
to keep the oleoresin in contact with the solvent mixture at a temperature 
above about lO'C. typicaUy at a temperature of about 50-C. The 
temperatm-e is also of importance because xt affects the selective 
solubilitv and. therefore, the separation of oleoresin Upids. At high 
tempevauires lycopene will dissolve in the solvent and the losses to the 
process will be high. 

The contact times and solvent volumes employed ajre, of course, uifluenced 
hy the ivcopene content in the raw lycopene oleoresin. and the skilled 
engmeer vvill easUy appreciate the changes in process parameters needed 
to accommodate changes in raw material contents. In most cases, 
however, when a tomato oleoresin is used, the raw oleoresin contains 
,bo«t 3 ■ 10% lycopene. and the volumetric ratio between the oleoresin 
and the «.lvent mixture is conveniently between 1:10 and .1:2. 

The ratio between the solvente in the solvent mixture is also a parameter 
that needs consideration. Optimal ratios for a given desired product can 
Ue easUv deurmined by the skilled person, by simple methods and 
without undue experimentation. According to a preferred embodiment of 
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the invention, when acetone and ethyl acetate are used as the components 
of the solvent mixtxire, the ratio between acetone and ethyl acetate in the 
solvent mixture is about 2:3 (v/v). 

Accordinglj', the invention also encompasses a process comprising 
contacting crude lycopene-containing oleoresin with an acetone/ethyl 
acetate solvent mixture for a period of time and at a temperature 
sufficient to dissolve a substantial part of the hpid fraction in the solvent 
mixture, filtering the mixture to remove the fraction poor in iycopene, 
therebj- leaving an enriched Iycopene fraction, rinsing the enriched 
Iycopene fraction with hot acetone to remove the acetone soluble 
materials thereby leaving a fraction rich in Iycopene crystals. As stated, a 
convenient temperature at which the process is carried out in all stages, 
is about 50°C. The number of rinsings carried out with acetone is also a 
parameter that influences the purity of the Iycopene crystals. 

As explained, the amount of solvent employed affects the nature of the 
final product. For instance, if a 1:10 (v/v) oleoresin/solvent mixture ratio 
is employed, a fraction containing more than 90 weight% Iycopene is 
obtained. On the other hand, if a 1:3 (v/v) oleoresin/solvent mixture ratio 
is employed, and a fraction containing more than 70 weight% Iycopene is 
obtained. This latter fraction is, of course, less rich in Iycopene. but is 
obtained in higher jrielda, with less loss of Iycopene. Therefore, depending 
on various parameters and engineering considerations, it is possible to 
obtain difibrent Iycopene concentrations in the final fraction. 
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In another aspect, the invention is directed to a process for the 
piepaxation of a stable lycopene concentrate, comprising the steps of: 

a) contacting crude lycopene-containing oleoresin with an 
acctono/ethyl acetate solvent mixture for a period of time and at a 
temperature sufficient to dissolve a substantial part of the lipid fraction 
in the solvent mixture; 

b) separating the mixture to remove a substantial part of the 
tomato lipids, thereby leaving an enriched lycopene fraction; 

c) rinsing the enriched lycopene fraction with hot acetone to remove 
the acetone soluble materials thereby leaving, after filtration as required., 
a fraction rich in lycopene crystals; 

d) cUspersing the enriched lycopene fraction so obtained in a food- 
compatible liquid which essentially does not dissolve lycopene; and 

e) ..ize-reducing the lycopene crj'stals in the said food-compatible 

Separation of the mixture can be effected by any suitable equipment, e.g.. 
hv filtering, decanting or centrifuging. Likewise, grinding can also be 
effected usmg a variety of apparatus. According to a preferred 
embodiment of the invention, however, grinding is a wet grinding and 
suitable grinding apparatus is used. 

Of course, the mixture should be stirred as needed, during contact time, to 
enhance mass transfer processes. 
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The food-compatible liquid is as described above, and is typically selected 
from the group consisting essentially of glycerol, propylene glycol and 
cthanol, or their mixtures, or mixtures thereof with other food-compatible 

liquids. 

In a fmther aspect, the invention is directed to the use of a stable 
lycopenc concentrate comprising lycopene crystals suspended in a food- 
compatible Uquid. as a food colorant or food additive. 

In another aspect, the invention is directed to the use of a stable lycopene 
formulation comprising Ij^copene crystals suspended in a 
phai-maceutically-acceptable hquid, as a medicament or additive to a 
medicament. 

In yet another aspect, the invention is directed to the use of a stable 
lycopene formulation comprising lycopene crystals suspended in a 
cosmetically-acceptable liquid, as an additive to cosmetic preparations. 

The invention is also directed to the use of a stable lycopene formvdation 
comprising lycopene crystals suspended in a food-compatible hquid, as a 
nutraceutical product or component. 

The invention also encompasses formulations based on synthetic 
lycopene, as well as the process for preparing stable formulations of the 
invention by dispersing synthetic lycopene (typically, but non limitatively. 
90% pure or higher) in a suitable hquid medium, and size-reducing it, if 
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.nd as. needed, in the eaid medium. Also encompassed by the invention 
are mixtures of lycopene with other cai-otenoids, such as p-carotene. 
whether theix sources are natural or synthetic. 



All the above description and advantages of the invention will be better 
understood through the foUowing illustrative and non-Umitative 
examples. Unless otherwise indicated/percentages given herein are by 
weight. 



r. rrn rn tiir n -rf ^'•""«" frvrt^h fmn^ OkoTBsi a 

MO K" of tomato containing 100 ppm lycopene were processed aa 
described hereinafter. After washing, crushing and wasU separation. 99.0 
Kg of processable material remained. The material was fed to a centrifuge 
and separated into two streams: tomato pulp (9 Kg) and tomato serum 

(90.5 Kg). 

The 9 K« of .omato pulp were extracted twice with 25 Kg of warm (50-C) 
ethyl acetate. After evaporation of tha solvent 250 gr of tomato oleoresm 
were obl,nned. which contamed about 5% lycopene. 



1 Part of the oleoresin obtained above was mixed with 10 parte of a 2:3 
»c.cone/ethyl acetate solvent mi^ure, and the mixture was heated to 
.,0.C and Itcpt at tha. temperature <hr 10 minutes while stirring. Next. 
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the mixture was vacuum filtered at 50*C with a water jet pump vacuum, 
to yield a crude lycopene fraction. The resulting material was washed 
thi-ee times with hot (50»C) acetone 3x3 parts and the resulting fraction 
contained over 90% c^J^stalline lycopene, in crystalline form. The 
crystalline fraction was vacuum dried to remove trace solvent. 

The mean crystal size was 15 - 120 nm. 

The operations described above were repeated with different solvent 
mixtures, to give the results shown in Table I below. 

EtAcrAcetone Solvent;01eoresin Final Lycopene Yield 
Satis EatiS2 Concentratiry^ 



2:3 1:5 83.7 Wt% 72.2 

1:5 88.3 Wt% 76.18 

3:2 1:5 90.0 Wt% 62.9 

•5:2 1:10 99.0 Wt% 73.4 



Example 2 

Preparation of Stable Lvcooe ne Concentratft 
The lycopene crystals obtained in Example 1 were suspended in glycerol, 
to give a 1% - 3.2% by weight lycopene concentrate. The suspension was 
fed to a Pearl Mill, Dispermate SL-501(\rMA Getzmen Germany}, and the 
crystals were si2e reduced to an average size of 1 - 3 ^m. 
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To.n samples of each of the formulations so obtained were put in 20 ml 
flasks, which were kept at room temperature and examined monthly by 
spectrophotometric methods, to determine lycopene concentration and 
sLabiUly l« microbial attack. No deterioration could be detected after sis 
months of stability test. Tests carried out u«ing propylene glycol and 
ethanol as weU as mbrtures thereof, gave comparable results. 

The formulations were also used as coloring additives to water-based 
beverages, ice cream, baked cakes and tomato soup, and in all cases they 
retained their staining power and high dispersability in the food product. 



i ) 



P^^P^^^t^^ r T^f 70% w tr r r"'* r.rvstnis from Olf ftyesia 
Example 1 was repeated, but with the foUowing changes: 1) The 
volumetric ratio between the tomato oleoresin and the solvent mixture 
was 1:3. 2) The enriched lycopene fraction was rinsed only once with hot 
acetone. 

The crude lycopene crystals were obtained were 10% purity, and were still 
free flowing and easy to handle. 



All the above description and examples have been provided for the 
pun.n.e of illustration, and are not intended to limit the invention in any 
wav Manv modifications can be effected in the processes and 
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formulations of the invention. For instance, different liquids can be used 
to disperse the lycopene crystals, and different solvent mixtures and 
temperatures can be employed to provide the crystal rich fractions. 
Furthermore, various lycopene and other carotenoid sotirces, natural and 
.syTitheiic. oleoresin production processes and crystal sizes can be used, all 
without exceeding the scope of the invention. 
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1. A process for the preparation of a stable lycopene concentrate, 
comprising size-reducing lycopene crystals in a Hquid medium which 
essentiaUy does not dissolve lycopene. 

2. A process according to claim 1. wherein the Uciuid medium is selected 
irom the group consisting essentiaUy of glycerol propylene glycol and 
ethanol. or their mixtures. 

3. A pioccss acoordmg to daim 2, wherein the Uquid is essentially 

glycerol. 

4 A process according to claim 1, wherein the Uquid is water or a water 
soluble or a waur miscible Uquid, containing antioxidant additives and/or 
preservarives- 

5 A process according to any one of claim. 1 to 4. wherein the l5-copen. 
c-ystals are g>-ound to an average particle size of below about 5 

6. A process according to claim 5. wherein the lycopene crystals are 
ground to an average particle siM of about 1 ■ 3 nm. 

7. A stable lycopene concentrate comprising lycopene crystals suspended 
in a liquid which essentiaUy does not dissolve lycopene. 
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8. A concentrate according to claim 7, wherein the Hquid in which the 
l5'copene crystals are suspended is a food-compatible or cosmetically- or 
pharmaceutically-acceptable Hquid. 

9. A concentrate according to claim 7 or 8, wherein the liquid is selected 
ii'om the group consisting essentially of glycerol, propylene glycol and 
ethanoL or their mixtures^ or mixtures thereof with other food-compatible 

liquids. 

10. A concentrate according to claim 7 or 8, wherein the hquid is water or 
a water soluble or a water miscible liquid, together with antioxidant 
additives and/or preservatives. 

11. A concentrate according to any one of claims 7 to 10, wherein the 
lycopene crystals have an average particle size below about 5 jim. 

12. A (/nicentrate according to claim 11, wherein the lycopene crystals 
have an average particle size of about 1 - 3 ^m. 

13. A piocess for the preparation of a crystaUine lycopene composition, 
comprising treating a lycopene-containing oleoresin with a solvent or 
solvent mixtinre which dissolves the hpid phase of the oleoresin and which 
does not substantially dissolve lycopene, to remove therefrom a major 
part of the oleoresin Upids. 
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14. A process according to claim 13. wherein the oleoresin is a tomato or 
watermelon oleoresin. 

15. A process according to claim 13 or 14. wherein the solvent mixture is 
an acetone / ethyl acetate miiture. 

18. A process according to any one of claims 13 to 15, wherein the 
oleore.,m xa kept in contact with the soh-ent mixture at a temperature 

above about 10*' C 

n. A process according to claim 16. wherein the temperature is about 

IS ^ process according to claim 15, wherein the oleoresin contains about 
2 . 10% lycopene. and the volumetric ratto between the oleoresin and the 
solvent mrature is between 1;10 and 1:2. 

19. A process according to daim 18. wherein the ratio between acetone 
and ethyl acetate in the solvent mixture is about 2:3 (v/v). 

.„ A process according to any one o£ claims 13 to 19. comprising 
concactin. crude lycopene-contaming oleoresm with an acetone/ethyl 
acetate solvent mi«ure i6r a period of time and at a temperature 
sufficient to dissolve a substantial p«t of the lipid fraction m the solvent 
fixture, filtering the mixture to remove the fraction poor in lycopene^ 
,herehv leaving an enriched lycopene fraction, rinsing the enriched 
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lycopene fraction with hot acetone to remove the acetone soluble 
materink thereby leaving a crude crystalline lycopene product 

21. A process according to claim 20, which is carried out in all stages at a 
temperature of about 50^C, 

22. A process according to claim 20 or 21, wherein a 1:10 (v/v) 
oleoresin/solvent mixtui-e ratio is employed, and a fraction coataining 
more than 90 weight% crystalline lycopene is obtained. 

23. A process according to claim 20 or 21, wherein a 1:3 (v/v) 
oleoresin/solvent mixtiure ratio is employed, and a fraction containing 
more than 70 weight% lycopene is obtained. 

24. A process for the preparation of a stable lycopene concentrate^, 
comprising the steps of: 

a) contacting crude lycopene-containing oleoresin with an 
acetone/ethyl acetate solvent mixture for a period of time and at a 
temperature suf&cient to dissolve a substantial part of the lipid fraction 
in the solvent mixture; 

b) separating the mi3ctiure to remove a substantial part of the 
tomato lipids, thereby leaving an enriched lycopene fraction: 

c) rinsing the enriched lycopene fraction with hot acetone to remove 
the acetone soluble materials thereby leaving, after filtration as required, 
a crystalline lycopene fraction; 
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d) dispersing the crystalline lycopcne fraction so obtained in a food- 
rompatible liquid which essentially does not dissolve lycopene; and 

e) sizcreducing the lycopene crystals in the said food-compaable 

liqxiid. 

25 ^ process according to dam. 24. wher.ta the food^mp.tible U,«id ie 
selected from the group consisting essentiaUy of glycerol, propylene glycol 
„„d eth.noL or their mixtures, or mixtures thereof with other food- 
compatible liquids. 

26. A process according to claim 25. wherein the liquid is essentially 

glycerol. 

,7 A process according to claim 24. wherein the mixture is separated by 
filtration or centrifngation or decantation. or by a combination of two or 
more of such methods. 

A- „la4Tn 2t wherein size-reduction of the lycopene 
28. A process according to claim zo. wnereui ai* 

crj^stalft is effected by wet grinding. 

.29 U.e of a stable lycopene concentrate comprising lycopene cr>.tals 
suspended in a food-compatible Uquid. as a food colorant or food addiuve. 

30 U.e of a stable lycopene concentrate comprising lycopene crystals 
.uspcnded in a pharmaceuticaUy-acceptable Uquid. as a medicament or 
additive to a medicament. 
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31. Use of a stable lycopene concentrate comprising lycopene crystals 
suspended in a cosmetically-acceptable liquid, as an additive to cosmetic 
preparations. 

32. Use of a stable lycopene concentrate comprising lycopene crystals 
suspended in a food-compatible liquid, as a neutraceutical product or 
component. 

33. Use according to any one of claims 29 to 32, wherein the liquid is 
selected from the group consisting essentially of glycerol, propylene glycol 
and ethanol, or their mixtures, or mixtures thereof with other food- 
compatible Uquids. 

34. Use according to claim 30, wherein the Hquid is essentially glycerol. 

35. Use according to any one of claims 29 to 32, wherein the liquid is 
water or a water soluble or a water miscible liquid. 

36. Use according to any one of claims 29 to 35, wherein the lycopene 
crystals have an average particle size below about 5 fim. 

37. Use according to claim 36, wherein the lycopene crystals have an 
^iverage particle size of about 1 - 3 fim. 
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3« 4 method of coloring a waUr-based product, comprising diasolvmg m 
the said product a coloriBg-effective amount of a lycopene conceutrate 
according to any one of claims 7 to 12. alone oi together with suitable 
additives and/or preservatives. 

39. A method according to clam 38. wherem the water.based product is a 
O food product or a cosmetic product or a pharmaceutical product. 

40 ^ precast for the preparation of a stable lycopene concentrate, 
essentially as described and with particulai- reference to the examples. 

41. A concentrate according to any one of claims 7 to 12. farther 
comprising one or more additional carotenoids. 

J. *^ 41 wherein the additional 

42. A concentrate according to claim 41. wnerem 

carotenoids comprise p-carotene. 



o 



43. 



Stable lycopene concentrates, essentially as described. 
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